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Description
BACKGROUND OF THE INVENTION

[0001] The presentinvention relates to a mixer circuit
used for frequency conversion of carrier frequency in ra-
dio communication system.

[0002] A mixer circuit is used for frequency conver-
sion in a radio transceiver. A mixer circuit operates to
multiply two analog signals for frequency conversion. A
Gilbert cell type mixer circuit has been known for an in-
tegrated mixer circuit.

[0003] Fig. 8 shows a prior Gilbert cell type mixer cir-
cuit which used MOSFET elements. The symbols MN1
and MN2 show N-channel MOS transistors constituting
a first differential pair 1. A gate of those transistors ac-
cepts local frequency signals LO (LO+, LO-) in differen-
tial form. The symbols MN3 and MN4 are N-channel
MOS transistors constituting a second pair 2, having a
gate similarly accepting local frequency signals LO
(LO+, LO-). The symbols MN5 and MNG6 are N-channel
MOS transistors constituting a third pair 3A. Each gate
of those transistors accepts high frequency signal RF
(RF+ and RF-) in differential form, respectively. The
symbol MN7 is an N-channel MOS transistor which op-
erates as a current source. The symbols RL1 and RL2
are a load resistor common to the first pair 1 and the
second pair 2.

[0004] In the Gilbert cell type mixer circuit in Fig. 8,
the transistors MN5 and MNG6 converts high frequency
signal RF into differential current form, and each of the
transistors MN1 through MN4 switches said current ac-
cording to the local frequency signal LO, so that the
product of the high frequency signal RF and the local
frequency signal LO is obtained at one terminal of the
loads RL1 and RL2 to provide intermediate frequency
signal IF (IF+, IF-) in differential form.

[0005] By the way, a wireless transceiver operates
with a battery, and it is preferable that voltage of the bat-
tery is as low as possible in view of small size and light
weight of a transceiver.

[0006] However, the prior Gilbert cell type mixer circuit
must have power supply voltage VDD at least 1.5-2.0 V,
since the prior Gilbert cell type mixer circuit must have
three stacks of transistors (MN1, MN5 and MN7), or
(MN3, MN6 and MN7) et al.

[0007] If we try to decrease power supply voltage,
high frequency operation is difficult since drain junction
capacitance of a transistor increases, therefore, no ap-
plication to wireless communication is possible.

[0008] As mentioned above, as the operation with low
power supply voltage less than 1.5 V is impossible, a
prior transceiver must have more than two series con-
nected batteries each of which may be a primary battery
(1.5 V) or a NiCd type secondary battery (1.2 V). Thus,
small sized and/or light weight transceiver has been dif-
ficult because of the use of two series connected bat-
teries.
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[0009] The document US-A-5 570 056 discloses an
analog circuit for multiplying a first input signal with a
second input signal.

[0010] The document Razavi B. "A 1.5 V 900MHz
Downconversion mixer" IEEE International Solid State
Circuits Conference, US, IEEE INC. New York, vol.39,
page 48-49 XP000685533 ISSN: 0193-6530 discloses
another analog circuit for multiplying a first input signal
with a second input signal using capacitors.

SUMMARY OF THE INVENTION

[0011] It is an object of the present invention, there-
fore, to provide a new and improved tuned mixer by
overcoming the disadvantages and limitations of a prior
tuned mixer.

[0012] It is an object of the present invention to pro-
vide a tuned mixer which operates with power supply
voltage lower than 1.0 V.

[0013] The above and other objects are attained by a
complementary tuned mixer circuit as defined in Claim
1.

[0014] The transistors composing said first series cir-
cuit and said second series circuit have preferably op-
posite conductivity type to that of the transistors com-
posing said differential amplifier.

[0015] Said differential amplifier has differential tran-
sistor pair which receive the second multiply signal, and
an impedance circuit which operates as a constant cur-
rent source, each connected in series with said differ-
ential amplifier, between the first power supply terminal
and the second power supply terminal.

[0016] Preferably, said differential amplifier has a pair
of capacitors in coupling lines between output lines of
the differential amplifier and said series circuits to cut
off D.C. current.

[0017] When said capacitors are provided in said cou-
pling lines, transistors in the first and the second series
circuits may have the same conductivity type as that of
transistors in the differential amplifier.

[0018] Preferably, said impedance circuit is a parallel
resonance circuit having an inductor and a capacitor,
and resonating with said first multiply signal or said sec-
ond multiply signal. As the first multiply signal frequency
is in general close to the second multiply signal frequen-
cy, when the resonance circuit resonates with one of the
multiply signal frequencies, it may have enough imped-
ance to operate as a constant current source for both
the multiply signals. When the value Q of the parallel
resonance circuit is too high, a resistor is coupled with
the resonance circuit in parallel to decrease the value
Q. As an impedance circuit has high impedance for high
frequency so that it operates as a constant current
source, and low resistance for D.C. current so that high
D.C. voltage is applied to transistors, it may not neces-
sarily a parallel resonance circuit, but a mere inductor
is enough.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The foregoing and other objects, features, and
attendant advantages of the invention will be well un-
derstood by means of the following description and ac-
companying drawings, wherein;

Fig. 1 is a circuit diagram of a frequency mixer ac-
cording to the present invention,

Fig. 2 is an equivalent circuit of a parallel resonant
circuit, and impedance characteristics of the same,
Fig. 3 shows simulated waveforms of the apparatus
of Fig. 1,

Fig. 4 is a circuit diagram of another embodiment of
a frequency mixer according to the present inven-
tion,

Fig. 5 is a circuit diagram of still another embodi-
ment of a frequency mixer according to the present
invention,

Fig. 6 is a circuit diagram of still another embodi-
ment of a frequency mixer according to the present
invention,

Fig. 7 shows a differential amplifier used in each
embodiments, and

Fig. 8 is a circuit diagram of a prior frequency mixer.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

(First embodiment)

[0020] Fig. 1is a circuit diagram of a frequency mixer
according to the present invention. The same numerals
are assigned in Fig. 1 for the same members as those
in Fig. 8.

[0021] In Fig. 1, a first differential pair 1 comprises a
pair of transistors MN1 and MN2 which receive differen-
tial local frequency signals LO+ and LO- on each gate.
A current supply terminal (source) of those transistors
is coupled with a power source (ground) through a par-
allel resonance circuit 4 having an inductor L and a ca-
pacitor C.

[0022] Similarly, a second differential pair 2 compris-
es a pair of transistors MN3 and MN4 which receive dif-
ferential local frequency signals LO+ and LO- on each
gate. A current supply terminal (source) of those tran-
sistors is coupled with a power source (ground) through
a parallel resonance circuit 5 having an inductor L and
a capacitor C.

[0023] A third differential pair 3 comprises a pair of P-
channel MOS transistors MP1 and MP2 which receive
differential high frequency signals RF+ and RF- on each
gate. A current supply terminal (source) of those tran-
sistors is coupled with a power source (VDD) through a
parallel resonance circuit 6 having an inductor L and a
capacitor C. Drains (outputs) of those transistors are
connected to each current supply terminal (source) of
the transistors of the first pair and the second pair, re-
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spectively.

[0024] A load RL1 is connected to a drain of a non-
inverted transistor MN1 (which receives one (+) of the
differential local signals) of the first pair 1 and a drain of
an inverted transistor MN4 (which receives one (-) of the
differential local signals) of the second pair 2. Aload RL2
is connected to a drain of an inverted transistor MN2 of
the first pair 1 and a drain of a non-inverted transistor
MN3 of the second pair 2.

[0025] Each of the resonance circuits 4 through 6 are
equivalent to the circuit of Fig. 2(a), which has a capac-
itor C, and a series circuit of an inductor L and a resistor
Rs. The frequency-impedance characteristics of a par-
allel resonance circuit is shown in Fig. 2(b), which has
the maximum impedance z;, = L/CRs = RsQ? at the res-
onance frequency fy = 1/2n(LC)"2, where Q is a value
showing how sharp a resonance circuit is.

[0026] It should be noted that a parallel resonance cir-
cuit has high impedance at resonance frequency f,
therefore, a parallel resonance circuit is equivalent to a
current source for alternate (AC) signal. A parallel res-
onance circuit has small resistance for DC signal. That
small resistance provides small voltage drop, which
does not much affect to the operation of the present in-
vention.

[0027] As compared with a prior art of Fig. 8, the first
differential pair 1, the second differential pair 2 and the
third differential pair 3 are inserted essentially in parallel
between the power supply terminal VDD and the
ground. The signal transfer between the first pair 1 or
the second pair 2, and the third pair 3 is carried out
through resonance circuits 1 and 2 which operate as a
constant current source. It should be noted that the total
current in the transistors MN1, MN2 and MP3 is almost
constant because of the presence of the parallel reso-
nance circuit 4 which operates as a constant current
source. Similarly, the total current in the transistors
MN3, MN4 and MP2 is almost constant, and the total
current in the transistors MP1 and MP2 is almost con-
stant. For instance, when drain current of the transistor
MP1 of the third pair 3 increases by the high frequency
signal RF+, the current in the first differential pair 1 de-
creases, and therefore, the high frequency signal RF is
transferred to the first pair 1.

[0028] It should be appreciated that the total current
in the first differential pair 1 (MN1 and MNZ2), and the
transistor MP1 is constant because of the presence of
the current source 4, the total current in the second dif-
ferential pair 2 (MN3 and MN4) and the transistor MP2
is constant because of the presence of the current
source 5. And, the total current in the transistors MP1
and MP2 is constant because of the presence of the cur-
rent source 6.

[0029] The voltage between a gate and a source of
the third differential pair 3 is almost equal to the voltage
between the power source voltage VDD and the high
frequency signal (RF+, RF-), as the D.C. voltage drop
in the parallel resonance circuit 6 is almost zero. That
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voltage determines bias current of the transistors.
[0030] Similarly, the voltage between a gate and a
source in the first differential pair 1 and the second dif-
ferential pair 2 is determined by the voltage between the
local frequency signal (LO+, LO-) and the ground.
[0031] Therefore, bias voltage may be set arbitrarily
and a circuit itself can operate with low power supply
voltage.

[0032] Fig. 3 shows simulated waveforms of the de-
vice of Fig. 1, in which a computer program HSPICE was
used. In Fig. 3, the power supply voltage VDD is 1V,
the local frequency signal LO is 1.71 GHz, the radio fre-
quency signal RF is 1.95 GHz, and an output interme-
diate frequency is 240 MHz. A lowpass filter is used to
process the intermediate frequency so that the differ-
ence frequency component (240 MHz) is clarified.
[0033] As described above, according to the present
invention, no series connection of transistors between
power supply terminals is necessary, and therefore, a
frequency mixer can operate with low voltage less than
1V

(Second embodiment)

[0034] Fig. 4 shows a circuit diagram of a second em-
bodiment of a frequency mixer according to the present
invention.

[0035] The feature of Fig. 4 as compared with the em-
bodiment of Fig. 1 is that a N-channel MOS transistor in
Fig. 1 is changed to a P-channel MOS transistor in Fig.
4, and a P-channel MOS transistor in Fig. 1 is changed
to a N-channel MOS transistor in Fig. 4. The first differ-
ential pair 1 and the second differential pair 2 in Fig. 1
which receive differential local frequency signal are
changed to the first differential pair 1A and the second
differential pair 2A which have P-channel MOS transis-
tors MP3 through MPG6, and the third differential pair 3
in Fig. 1is changed to the third differential pair 3A having
N-channel MOS transistors MN5 and MNG. The relation
of the power source VDD and the ground in view of the
transistors is opposite to that of Fig. 1, and the parallel
resonance circuits 4 through 6 are connected to a
source of a respective differential pair of transistors, and
the load resistors RL1 and RL2 are connected to a drain
of a respective transistor.

(Third embodiment)

[0036] Fig. 5 is a circuit diagram of the third embodi-
ment of a frequency mixer according to the present in-
vention. The feature of the embodiment of Fig. 5 is that
parallel resonance circuits 4A through 6A have a resis-
tor Rp coupled with each of parallel resonance circuits
4-6 of Fig. 1, in parallel.

[0037] When the value Q is too high in a parallel res-
onance circuit, the impedance of the parallel resonance
circuit is sensitive in view of the frequency change.
Therefore, the resistor Rp which satisfies z; = L/
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CRs>Rp is coupled with a parallel resonance circuit in
parallel to decrease the value Q, so that the circuit may
be designed easily. It should be note that no voltage
drop for D.C. current occurs in the parallel resonance
circuit of Fig. 5.

(Fourth embodiment)

[0038] Fig. 6 is a circuit diagram of the fourth embod-
iment of a frequency mixer according to the present in-
vention. The feature of the embodiment of Fig. 6 is that
parallel resonance circuits 4A through 6A have a resis-
tor Rp coupled with each of parallel resonance circuits
4-6 of Fig. 4. The circuit of Fig. 6 has the advantage
similar to that of Fig. 5.

(Another embodiment)

[0039] In the above embodiments, although an FET
(Field Effect Transistor) is used, it is possible to use a
bipolar transistor. In that case, a drain, a gate and a
source of an FET corresponds to a collector, base and
an emitter, respectively, and a P-channel MOS transis-
tor is replaced by an NPN transistor, and a N-channel
MOS transistor is replaced by a PNP transistor.

[0040] It should be noted in the embodiments in Figs.
1, 4, 5 and 6 that the operation by the circuit P enclosed
by the dotted line is equivalent with a differential ampli-
fier Q in Fig. 7A, and the circuit P may be replaced by a
differential amplifier. A differential amplifier Q receives,
in the embodiment of Fig. 1, radio frequency signal RF+
and RF-, and provides differential outputs W1 and W2
to the transistor pairs (MN1, MN2) and (MN3, MN4). A
differential amplifier Q is inserted between a power sup-
ply terminal VDD and ground. It should be noted that the
ground line of the differential amplifier Q is provided by
the impedance circuits 4 and 5 through the output lines
W1 and W2 in the embodiments of Figs. 1 and 5, and
by the ground line QE in the embodiments of Figs. 4 and
6.

[0041] Further, the output lines W1 and W2 may have
capacitors C1 and C2 respectively in series in each out-
put lines as shown in Fig. 7B, so that DC current is pre-
vented by the capacitors. In that case, inductors QLA1,
QL2 which are a load should be inserted between the
power supply terminal VDD and the differential amplifier
Q. When the capacitors C1 and C2 are inserted, the con-
ductivity type of transistors composing a differential am-
plifier Q may the same as the conductivity type of tran-
sistors (MN1, MN2, MN3, MN4) which receive local fre-
quency signal. The application of the structure of Fig.
7B to each of the embodiments of Figs. 1, 4, 5 and 6,
and the selection of the conductivity type of transistors
(P-channel, or N-channel) are obvious to those skilled
in the art.
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(Effect of the invention)

[0042] As described above in detail, the present in-
vention uses a current source implemented by a parallel
resonance circuit, instead of a current source imple-
mented by a transistor in a prior art. Therefore, transis-
tors are not connected in series between two power sup-
ply terminals. The circuit can operate with power supply
voltage which is requested to operate one stage of a
transistor, and therefore, the circuit can operate with low
voltage around 1 V.

[0043] Further, when a resistor is coupled with a par-
allel resonance circuit in parallel, the impedance of the
parallel resonance circuit is less sensitive to frequency,
and the circuit design is easy.

[0044] From the foregoing, it will now be apparent that
a new and improved frequency mixer has been found.
It should be appreciated of course that the embodiments
disclosed are merely illustrative and are not intended to
limit the scope of the invention. Reference should be
made to the appended claims, therefore, for indicating
the scope of the invention.

Claims
1. A complementary mixer circuit comprising :

a first series circuit having a first pair of differ-
entially arranged transistors (1) receiving a first
multiply signal in differential form (LO(+), LO
(-)), and an impedance circuit (4); a second se-
ries circuit of the similar configuration to said
first series circuit; and a differential amplifier (3)
receiving a second multiply signal (RF(+), RF
(-)) and providing an output signal (W4, W,) in
differential form; to a pair of output terminals;

said first series circuit and said second series
circuit being inserted between a first power ter-
minal (VDD) and a second power terminal re-
spectively through load resistors (RL1, RL2),
said differential amplifier (3) being supplied by
said first power terminal (VDD), and said output
terminals are respectively coupled with the
junction between the transistors (1) of said first
series circuit and the impedance circuit (4) of
said first series circuit and with the junction be-
tween the transistors (2) of said second series
circuit and the impedance circuit (5) of said sec-
ond series circuit, a product, in differential form
(IF(+), IF(-)), of said first multiply signal (LO(+),
LO(-)) and said second multiply signal (RF(+),
RF(-)) being obtained at the junction between
said load resistors (RL1, RL2) and said series
circuits, characterized in that each of said im-
pedance circuits (4, 5) operates as a constant
current source and has high impedance at said
first multiply signal (LO(+), LO(-)) and small re-
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10.

sistance for DC signal.

A complementary mixer circuit according to claim
1, wherein said differential amplifier comprises a se-
ries circuit of a pair of transistors (3) in differential
form receiving said second multiply signal (RF(+),
RF(-)) and an impedance circuit (6) which operates
as a constant current source, inserted between said
first power terminal (VDD) and said second power
terminal.

A complementary mixer circuit according to claim
1, wherein each output terminal of said differential
amplifier is coupled via a respective capacitor (C1,
C2), which prevents D.C. current, to the first and
respectively second mentioned junctions in claim 1.

A complementary mixer circuit according to claim
1, wherein said impedance circuit is a parallel res-
onance circuit having an inductor (L) and a capac-
itor (C), and resonate with said first multiply signal
(LO(+), DO(-)) or said second multiply signal (RF

(+), RF()).

A complementary mixer circuit according to claim
1, wherein said impedance circuit is composed of
an inductor (L).

A complementary mixer circuit according to claim
4, wherein said parallel resonance circuit is provid-
ed with a resistor (Rp) coupled in parallel with said
resonance circuit.

A complementary mixer circuit according to claim
3, wherein transistors (1, 2) composing said first se-
ries circuit and said second series circuit are in dif-
ferent conductivity type from that of transistors (3)
composing said differential amplifier.

A complementary mixer circuit according to claim
2, wherein transistors (1, 2) composing said first se-
ries circuit and said second series circuit comprise
N-channel MOS transistors, and transistors (3)
composing said differential amplifier comprise P-
channel MOS transistors.

A complementary mixer circuit according to claim
2, wherein transistors (1A, 2A) composing said first
series circuit and said second series circuit com-
prise P-channel MOS transistors, and transistors
composing said differential amplifier (3A) comprise
N-channel MOS transistors.

A complementary mixer circuit according to claim
1, wherein each of said transistor pairs (1, 2) has
two FET transistors, sources of each pair are cou-
pled with an impedance circuit (4, 5) which is con-
nected in series with the transistor pair (1, 2), and
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a drain of said FET transistors (1, 2) is coupled with
a respective load circuit (RL1, RL2).

Patentanspriiche

1.

Komplementéare Mischschaltung mit:

einer ersten Reihenschaltung, die ein erstes
Paar differential angeordneter Transistoren (1),
die ein erstes Multiplikationssignal in Differen-
tialform (LO(+), LO(-)) erhalten, und eine Impe-
danzschaltung (4) aufweist; mit einer zweiten
Reihenschaltung mit &hnlichem Aufbau wieder
der ersten Reihenschaltung; und einem Diffe-
renzverstarker (3), der ein zweites Multiplikati-
onssignal (HF(+), HF(-)) erhalt und ein Aus-
gangssignal (W4, W,) in Differentialform zwei
Ausgangsanschlissen zufiihrt;

wobei die erste Reihenschaltung und die
zweite Reihenschaltung jeweils zwischen einem er-
sten Betriebsspannungsanschluf? (VDD) und ei-
nem zweiten Betriebsspannungsanschlufl Uber
ohmsche Verbraucherwiderstande (RL1, RL2) an-
geschlossen sind, wobei der Differenzverstarker (3)
Uber den ersten Betriebsspannungsanschluf}
(VDD) versorgt wird und die Ausgangsanschliisse
jeweils mit der Verbindung zwischen den Transisto-
ren (1) der ersten Reihenschaltung und der Impe-
danzschaltung (4) der ersten Reihenschaltung und
mit der Verbindung zwischen den Transistoren (2)
der zweiten Reihenschaltung und der Impedanz-
schaltung (5) der zweiten Reihenschaltung verbun-
den sind und ein Produkt, in Differentialform (ZF(+),
ZF(-)), aus dem ersten Multiplikationssignal (LO(+),
LO(-)) und dem zweiten Multiplikationssignal (HF
(+), HF(-)) an der Verbindung zwischen den Ver-
braucherwiderstédnden (RL1, RL2) und den Reihen-
schaltungen erzeugt wird, dadurch gekennzeich-
net, daB jede der Impedanzschaltungen (4, 5) als
Konstantstromquelle wirkt und eine hohe Impedanz
bei dem ersten Multiplikationssignal (LO(+), LO(-))
und eine kleine Resistanz fir ein Gleichsignal auf-
weist.

Komplementare Mischschaltung nach Anspruch 1,
bei der der Differenzverstarker eine Reihenschal-
tung aus zwei Transistoren (3) in Differentialform,
die das zweite Multiplikationssignal (HF(+), HF(-))
empfangen, und einer Impedanzschaltung (6) auf-
weist, die als Konstantstromquelle wirkt und zwi-
schen dem ersten Betriebsspannungsanschiufl®
(VDD) und dem zweiten Betriebsspannungsan-
schluf angeordnet ist.

Komplementare Mischschaltung nach Anspruch 1,
bei der jeder Ausgangsanschlul® des Differenzver-
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10.

starkers Uber jeweils einen Kondensator (C1, C2),
der Gleichstrom sperrt, jeweils mit der zuerst und
der als zweite erwahnten Verbindung in Anspruch
1 verbunden ist.

Komplementare Mischschaltung nach Anspruch 1,
bei der die Impedanzschaltung eine Parallelreso-
nanzschaltung mit einer Spule (L) und einem Kon-
densator (C) ist und mit dem ersten Multiplikations-
signal (LO(+), LO(-)) oder dem zweiten Multiplikati-
onssignal (HF(+), HF(-)) in Resonanz ist.

Komplementére Mischschaltung nach Anspruch 1,
bei der die Impedanzschaltung eine Spule (L) auf-
weist.

Komplementare Mischschaltung nach Anspruch 4,
bei der zu dem Parallelresonanzkreis ein ohmscher
Widerstand (Rp) parallelgeschaltet ist.

Komplementéare Mischschaltung nach Anspruch 3,
bei der die Transistoren (1, 2) der ersten Reihen-
schaltung und der zweiten Reihenschaltung einen
anderen Leitfahigkeitstyp als die Transistoren (3)
des Differenzverstarkers aufweisen.

Komplementére Mischschaltung nach Anspruch 2,
bei der die Transistoren (1, 2) der ersten Reihen-
schaltung und der zweiten Reihenschaltung N-Ka-
nal-MOS-Transistoren und die Transistoren (3) des
Differenzverstarkers  P-Kanal-MOS-Transistoren
aufweisen.

Komplementéare Mischschaltung nach Anspruch 2,
bei der die Transistoren (1A, 2A) der ersten Reihen-
schaltung und der zweiten Reihenschaltung P-Ka-
nal-MOS-Transistoren und die Transistoren (3A)
des Differenzverstarkers N-Kanal-MOS-Transisto-
ren aufweisen.

Komplementare Mischschaltung nach Anspruch 1,
bei jedes der Transistorpaare (1, 2) zwei FET-Tran-
sistoren aufweist, wobei die Source-Anschliisse je-
des Paares mit einer Impedanz (4, 5) verbunden
sind, die mit dem Transistorpaar (1, 2) in Reihe ge-
schaltet ist, und ein Drain-Anschlu® der FET-Tran-
sistoren (1, 2) jeweils mit einem Verbraucherkreis
(RL1, RL2) verbunden ist.

Revendications

1.

Circuit mélangeur complémentaire comprenant :

un premier circuit série ayant une premiére pai-
re de transistors (1) disposés de fagon différen-
tielle recevant un premier signal de multiplica-
tion sous forme différentielle (LO(+), LO(-)), et
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un circuit d'impédance (4) ; un second circuit
série de configuration semblable au premier
circuit série ; et un amplificateur différentiel (3)
recevant un second signal de multiplication (RF
(+), RF(-)) et délivrant un signal de sortie (W1,
W2) sous forme différentielle a deux bornes de
sortie ;

le premier circuit série et le second circuit série
étantinsérés entre une premiére borne de puis-
sance (VDD) et une seconde borne de puissan-
ce respectivement par l'intermédiaire de résis-
tances de charge (RL1, RL2), I'amplificateur
différentiel (3) étant alimenté par la premiére
borne de puissance (VDD), et les bornes de
sortie étant respectivement couplées a la jonc-
tion entre les transistors (1) du premier circuit
série et le circuit d'impédance (4) du premier
circuit série et a la jonction entre les transistors
(2) du second circuit série et le circuit d'impé-
dance (5) du second circuit série, un produit
sous forme différentielle (IF(+), IF(-)) du pre-
mier signal de multiplication (LO(+), LO(-)) et
du second signal de multiplication (RF(+), RF
(-)) étant obtenu a la jonction entre les résistan-
ces de charge (RL1, RL2) et les circuits série,
caractérisé en ce que chacun des circuits
d'impédance (4, 5) fonctionne en source de
courant constant et présente une impédance
élevée au premier signal de multiplication (LO
(+), LO(-)) et une faible résistance au signal
continu.

Circuit mélangeur complémentaire selon la reven-
dication 1, dans lequel I'amplificateur différentiel
comprend un circuit série d'une paire de transistors
(3) sous forme différentielle recevant le second si-
gnal de multiplication (RF(+), RF(-)) et un circuit
d'impédance (6) qui fonctionne en source de cou-
rant constant, inséré entre la premiére borne de
puissance (VDD) et la seconde borne de puissance.

Circuit mélangeur complémentaire selon la reven-
dication 1, dans lequel chaque borne de sortie de
I'amplificateur différentiel est couplée par l'intermeé-
diaire d'un condensateur respectif (C1, C2), quiem-
péche le passage d'un courant continu, aux premie-
re et respectivement seconde jonctions mention-
nées a la revendication 1.

Circuit mélangeur complémentaire selon la reven-
dication 1, dans lequel le circuit d'impédance est un
circuit résonant paralléle ayant une inductance (L)
et un condensateur (C) et qui résonne avec le pre-
mier signal de multiplication (LO(+), LO(-)) ou le se-
cond signal de multiplication (RF(+), RF(-)).

Circuit mélangeur complémentaire selon la reven-
dication 1, dans lequel le circuit d'impédance est
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composé d'une inductance (L).

Circuit mélangeur complémentaire selon la reven-
dication 4, dans lequel le circuit résonant paralléle
est pourvu d'une résistance (Rp) couplée en paral-
lele au circuit résonant.

Circuit mélangeur complémentaire selon la reven-
dication 3, dans lequel les transistors (1, 2) compo-
sant le premier circuit série et le second circuit série
sont de types de conductivité différents de ceux des
transistors (3) composant I'amplificateur différen-
tiel.

Circuit mélangeur complémentaire selon la reven-
dication 2, dans lequel les transistors (1, 2) compo-
sant le premier circuit série et le second circuit série
comprennent des transistors MOS a canal N et les
transistors (3) composant I'amplificateur différentiel
comprennent des transistors MOS a canal P.

Circuit mélangeur complémentaire selon la reven-
dication 2, dans lequel les transistors (1A, 2A) com-
posant le premier circuit série et le second circuit
série comprennent des transistors MOS a canal P
et les transistors composant I'amplificateur différen-
tiel (8A) comprennent des transistors MOS a canal
N.

Circuit mélangeur complémentaire selon la reven-
dication 1, dans lequel chacune des paires de tran-
sistors (1, 2) comprend deux transistors a effet de
champ, les sources de chaque paire sont couplées
avec un circuit d'impédance (4, 5) qui est connecté
en série avec la paire de transistors (1, 2), etle drain
desdits transistors a effet de champ (1, 2) est couplé
a un circuit de charge respectif (RL1 ; RL2).
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